The condensed tannin (CT) content of eight shrub species (Cytisus purgans, Cytisus scoparius, Genista florida, Genista occidentalis, Calluna vulgaris, Erica arborea, Erica australis and Juniperus communis) from a grazing mountain area of northern Spain was analysed and related to various indicators of nutritive value. Chemical composition, in vitro gas production, OM degradation and true DM digestibility were evaluated in samples collected in January and June. With the exception of two samples comprised of considerable amounts of flowers, the shrub legumes examined had low contents of CT (less than 6.51 g quebracho tannin equivalents/kg DM) which would generally be considered unlikely to affect digestion of nutrients in the gastrointestinal tract of animals.
1.-Introduction
The hill areas of northern Spain have traditionally been used to graze sheep, goats, cattle and horses in a transhumance pastoral system (i.e. seasonal movement of livestock to another region), which is being increasingly supported by the European Union (Zorita, 1994; Frutos et al., 1998) . Pasture production in these mountain areas is restricted by low temperatures in winter and by high temperatures and lack of rainfall in summer (Alonso, 1994) . Under such conditions, animals consume significant amounts of shrubs to meet their nutrient requirements.
Despite their potential as feeds, most shrubs also contain large amounts of tannins, which have most likely been evolved by plants as a defence mechanism against being eaten by herbivores. Tannins are conventionally classified into hydrolyzable and condensed tannins (proanthocyanidins; CT), the latter being more widely distributed in nature (McLeod, 1974) . Recent studies on CT (Aerts et al., 1999; Barry and McNabb, 1999) point out the importance of considering their dosage-dependent effect. Thus, while species containing moderate concentrations of CT (2 to 4% of DM) can exert beneficial effects on protein metabolism in ruminants, decreasing the rumen degradation of dietary protein and increasing absorption of amino acids in the small intestine of the animal, high dietary CT concentrations (6 to 12% of DM) can depress voluntary feed intake, digestive efficiency and animal productivity.
The aim of the present experiment was to analyse the CT content of several shrubs from a grazing mountain area of northern Spain and examine its relationship with traditional indicators of the nutritive value of those shrubs (i.e., chemical composition and in vitro rumen degradation and true digestibility).
In vitro gas production characteristics of the shrubs were studied using a modification of the gas production technique described by Theodorou et al. (1994) and modified by Mauricio et al. (1999) .
Three replicates of each substrate (≈ 0.5 g milled to pass a 1 mm screen) were incubated in 125 ml serum flasks at 39ºC with 10 ml strained rumen fluid and 40 ml medium (1:4, v:v) , in order to determine the rate and extent of gas production (at 2, 4, 6, 8, 10, 12, 15, 19, 24, 30, 36, 48, 72, 96 and 120 h) as well as substrate disappearance at 120 h. The rumen fluid inoculum was obtained before the morning feeding from three ruminal-cannulated Merino ewes (mean live weight 52.2 kg ± 1.57), fitted with ruminal cannulae and fed grass hay, in two equal meals, at 1.2 times their estimated maintenance energy requirements (AFRC, 1993) .
Pressure values, corrected for the quantity of substrate organic matter (OM) incubated and gas released from controls (i.e., rumen fluid plus buffer medium, without substrate; 9 flasks in total), were used to generate gas volume estimates using a predictive equation derived from earlier simultaneous pressure and volume measurements:
where, V represents head-space gas volume (ml) and P pressure transducer reading (psi) (n = 17,790; r 2 = 0.999; P < 0.001).
Substrate disappearance after 120 h incubation was estimated by filtering residues using sintered glass crucibles. Organic matter degradation (OMD) was determined by ashing at 550ºC for 6 h.
In vitro true digestibility
A modification of the Tilley-Terry method (Tilley and Terry, 1963) with NDF as the final digestion step instead of pepsin was used to estimate in vitro true digestibility (TD; Robinson et al., 1999) . 
Calculations and statistical analysis
Gas production data were fitted to the model of France et al (1993) to provide parameters describing cumulative gas release in terms of potential gas production (A, ml/g OM), lag time (L, h), time to half-asymptote (T/2, h) and fractional rate of gas production
).
An estimate of the efficiency of fermentation (partitioning factor; PF) was calculated by relating OM degradation to total gas production at 120 h (i.e., OM disappearance/total gas production; Blümmel et al., 1997) .
Gas production data were fitted using the DUD method for interactive, nonlinear regressions using the SAS package. ANOVA and correlation analysis were also conducted using the procedures of the Statistical Analysis Systems (SAS, 1989) .
3.-Results
Chemical composition of the eight shrub species is shown in Table 1 and condensed tannin content in Table 2 . There was a wide range of CT contents for shrubs sampled both in January and June. The shrub legumes examined had low contents of CT (less than 6.51 g QT equivalents/kg DM), with the exception of samples collected in June from C.
scoparius and G. florida. However, Ericaceae species and J. communis showed a high CT content (higher than 176 g QT equivalents/kg DM) throughout the year. Samples collected in January from species belonging to the Leguminosaea family, presented a high proportions of bound tannins (PCT + FCT)/ TCT).
Differences among shrub species occurred for the values related to end-point (120 h) OM degradation and true DM digestibility. Legume shrub species were degraded to the greatest extent and Erica species to the least (P<0.001). True DM digestibility values were highly variable among shrub species and samplings and did not follow a regular pattern.
Cumulative gas production profiles from the in vitro fermentation of the shrub species are in Figure 1 and parameters describing the cumulative gas production in Table   3 . All parameters, but T/2, showed significant differences among species and among samplings (P<0.001), although change from January to June was different among species
(species x sampling time interaction: P<0.001). Potential gas production (A) ranged from a minimum value of 43 ml/g OM in E. australis to maximum values (up to 199 ml/g OM) in legume shrub species (P<0.001) and was higher in samples harvested in June (P<0.001). Lag time (L; h) and fractional rate of gas production at T/2 (μ, h -1 ) were also higher in samples collected in June (P<0.001). However, time to half-asymptote (T/2; h) did not differ between samplings (P>0.05).
Correlation coefficients between condensed tannin contents and true DM digestibility, OM disappearance, gas production parameters and chemical composition of the shrub species are given in Table 4 . Tannin fractions were correlated (P<0.05) with each other, with coefficients ranging from 0.54 between free-CT and FCT, to 0.98 between free-CT and TCT. Total condensed tannins, and most of their fractions, were negatively correlated with OMD and cumulative gas production (A), and positively with lag time (L) and the partitioning factor (PF). Only fibre-bound condensed tannins (FCT) were significantly related to fractional rate of gas production at T/2 (μ). No correlations (P>0.05) were observed between these secondary compounds and "true digestibility". In addition, condensed tannins were negatively correlated with CP, NDF and ADF but there was no significant correlation with ADL and ash.
4.-Discussion
The shrub legumes examined had low contents of CT (less than 6.51 g QT equivalents/kg DM) which would generally be considered unlikely to significantly affect digestion of nutrients in ruminants. There were, however, two exceptions to this in samples collected in June from legumes C. scoparius and G. florida, which showed high CT contents. These two samples were comprised of high amounts of flowers, especially that from C. scoparius, whose reproductive tissue is particularly abundant.
Influorescences are very valuable tissues for the plant, representing a large investment of resources in reproduction, and it is therefore accepted that they can be heavily defended against herbivory by the accumulation of plant secondary compounds such as tannins (Roberts and Olson, 1999) .
No increases in CT contents were observed in samples collected in June from the other two legume species (C. purgans and G. occidentalis), even though samples consisted of young current season twigs which would also be expected to contain higher concentrations of condensed tannins acting as feeding deterrents to ruminants (Provenza et al., 1990) . It is probable that shrub legumes only defend the reproductive tissue, confined to a very short period, by producing secondary metabolites, due to the accompanying high production costs for the plant (Coley, 1986) . Alternatively, legume shrub species may have other means of defending less valuable tissues from herbivory, such as rapid regrowth due to their dense and deep root system, a high canopy height (e.g., C. scoparius), or physical defences such as thorns (e.g., G. occidentalis).
Ericaceae species and J. communis showed CT contents (higher than 176 g QT equivalents/kg DM, see Table 2 ) clearly superior to those considered to be potentially detrimental for herbivores. In these species, the highest contents were observed in samples containing reproductive tissues: flowers and fruits, which corresponded to samples from E. arborea and E. australis collected in June.
The mountain area where the shrubs were sampled has traditionally been used to graze sheep, goats, cattle and horses. These species are grazers that only consume considerable amounts of shrub species when the herbage allowance is reduced, which in the study area occurs both in winter, because of low temperatures, and in late summer, because of high temperatures and lack of rainfall. In the present study, the low herbage allowance occurred at the January sampling. At that time, the high canopy height of C.
purgans, C. scoparius and G. florida, the thorns of G. occidentalis, along with the scarce presence of leaves in these species, would most likely have protected them from consumption by herbivores. On the other hand, the presence of evergreen leaves in Ericaceae species and J. communis, would make them more susceptible to consumption throughout the year, which is consistent with their high content of CT throughout the year (Perevolotsky, 1994) .
CT contents of Calluna vulgaris, close to those found in this study, were reported by The pattern of distribution of tannins in free-unbound, protein-bound and fibre-bound fractions is known to be dependent on several factors, such as the total content of condensed tannins, the age of the plant, and certain conditions of climatic or nutritive stress during growth of the plant (Barry and Manley, 1986; Iason et al., 1995) . In the present study, following the general pattern, species with a high TCT content had a higher proportion of free and lower proportion of bound tannin fractions. In contrast, species with low TCT contents had a lower proportion as free, and a higher proportion as bound.
Although bound and free tannins have been reported, respectively, as indices of nutritionally beneficial and detrimental effects of condensed tannins, Perez-Maldonado and Norton (1996) proved that interchange between these fractions in different parts of the digestive tract was actually complex, which make it unlikely that the nutritional effects of CT could be predicted from the distribution of those fractions in the plant itself.
Condensed tannins were not correlated (P>0.05) with true digestibility. These results provide confirmation that the detergent system is not applicable for tannin-rich feeds (Makkar et al., 1995) , since most of CT and CT-complexes are soluble in neutral detergent solutions (Van Soest, 1994) , but are indigestible.
The in vitro gas production technique has been widely used for tannin-containing forage evaluation (e.g. Makkar et al., 1995; Getachew et al., 2000) . The negative correlations between CT and cumulative gas production and lag time are consistent with the extensively reported suppressive effect of condensed tannins on rumen degradation and on the interference of these compounds with microbial attachment to feeds (McLeod, 1974; McAllister et al., 1994; Aharoni et al., 1998) . Consistently with these results, FCT were negatively correlated with μ.
Condensed tannins were also negatively correlated with OM disappearance. The significant positive correlation with the partitioning factor (PF: OM disappearance/total gas production) indicates that the effect of CT is more strongly reflected in the reduction of gas production than in the reduction of OMD.
Although CT have been reported to evolve close to cell wall components, basically lignin (Barry and Manley, 1986; Van Soest, 1994) , data of correlations between these compounds available in the literature are highly variable and difficult to compare. The same occurs for correlations with fermentation parameters. There may be several explanations for this variability. On the one hand, techniques generally used to measure tannins do not reliably reflect the activity of the tannins in reducing digestibility. On the other hand, in the present study, there may be a multiplicity of factors that counterbalance their effects. Thus, for example, flowering shoots presented lower cell wall contents together with higher CT contents.
Further research is needed to assess the nutritive value of the shrub species studied in this trial and particularly the role of the tannins. In order to progress in this field, it would be necessary to analyse total phenolics and total tannins content of the different plant tissues, detect other inhibitory compounds and carry out bioassays in the presence and absence of tannin-complexing agents, such as PEG, to estimate tannin activity. It will also be important to conduct in vivo studies to determine the actual biological effects of tannins on the performance of ruminants. Zorita, E., 1994. Los sistemas pastorales y la conservación de la naturaleza en la España peninsular. Una perspectiva histórica. In: Sistemas extensivos de producción de rumiantes en zonas de montaña. Ciencias Veterinarias XIII, 13-49. Free CT = free condensed tannins; PCT = protein-bound condensed tannins; FCT = fibre-bound condensed tannins; TCT = total condensed tannins. Jan = January sampling; Jun = June sampling; QT = quebracho tannins. 1 Values represent single samples analysed in duplicate Species *** *** *** *** *** *** *** Table 4 . Correlation coefficients between condensed tannins contents and true digestibility, gas production parameters, in vitro OM disappearance, partitioning factor and chemical composition of the shrub species. Time (h) Gas production (ml/g OM )
